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ABSTRACT 
This repor t  presents the predicted launch vehicle  o-era t iona l  
t r a j ec to ry  and accompanying data  fo r  the Apollo 14, AS-509 mi?:sion. 
A l l  da ta  presented a r e  for  a January 31, 1971, launch windoc?. 
Detailed t r a j ec to ry  pr in tout  is provided fo r  only the  p r i m  :zimuth 
of 72.0669 degrees corresponding t o  a launch t i m e  of 20::!3 
(15:23 EST). However, per t inent  summary data  a re  presented for 
other azimuths in the windaw. 
Trajectory data  a re  presented fo r  a l l  phases of f l i g h t  thraugh space- 
c r a f t  separat ion,  including data  pertaining t o  the  impact of the  spent 
s tages .  A br i e f  discussion of the  f l i g h t  sequence is p:rcerei~ :ed i n  
addi t ion t o  a c r i t i c a l  event sequence t ab le  fo r  the  prime LLZ-muth. 
Launch veh;cle guidance and ta rge t ing  prese t t ings  a r e  included as w e l l  
as predicted performance and mass cha rac t e r i s t i c s .  
NASA George C. Marshall Space Fl ight  Center 
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SECTTON I : INTRODUCTION 
The Apollo 14, AS-509 f l i g h t  i s  the n in th  mission of the  Saturn V 
vehicle  and the seventh manned Saturn V mission. 
l m n c h  day planned for  Apollo 14 is January 31, 1971. The prime 
launch t i m e  f o r  January 31 is 20:23 GMT (15:23 EST) which co r re s -  
ponds t o  a f l i g h t  azimuth of 72.0669 degrees. This launch time 
is the  f i r s t  i n t e g r a l  minute a f t e r  the opening of t h e  January 31 
launch window. 
The present  
The launch vehicle  t r a j e c t o r y  i s  designe.1 to i n j e c t  the  Apollo 14 
spacecraf t  i n t o  a circumlunar t r a j ec to ry .  Complete burns oE the  
S-IC and S-I1 s tages  and a pa r t i a l  burn of the  S-IVB s t age  place 
the  vehicle  i n t o  a 100 nau t i ca l  m i l e  parking o r b i t  as measured with 
respect to  the equa to r i a l  radius .  During the  second or t h i r d  revo- 
l u t i o n  i n  parking o r b i t ,  allowing two oppor tuni t ies ,  t h e  S-IVB is 
re igni ted ,  placing t h e  launch vehic le  onto a t rans lunar  o r b i t .  
Spacecraft separa t ion  from the Launch vehic le  occurs p r i o r  to  the  
evasive maneuver approximately one-half hour a f t e r  t rans lunar  i n j ec t ion .  
Post-spacecraft separa t ion  operations include a hybrid maneuver by 
the  Apollo 14 spacecraf t  to  achieve a low periselenum t r a j e c t o r y ,  
deboost i n t o  lunar o r b i t ,  manned lunar landing, ascent  from the  lunar  
sur face ,  docking, t r ansea r th  injectLon by the  CSM, atmospheric reent ry ,  
and f i n a l l y  s p l a s h d m  i n  the Pacific Ocean. 
Post-separation launch vehic le  operations include an S-IVB APS burn 
t o  perform a t r a n s l a t i o n a l  evasive maneuver away from the  CSM/LM, 
r o t a t i o n a l  maneuver t o  a lunar impact a t t i t u d e ,  p ropel lan t  venting, 
LOX dump, and APS engine burns to  achieve a lunar impact of t he  S-IVB 
s t age  i n  the  des i red  impact t a r g e t  area.  
This repor t  presents t r a j e c t o r y  and mission-related groundrules and 
cons t r a in t s ,  a mission descr ip t ion ,  ,- launch vehic le  t r a j e c t o r y  
descr ip t ion  and da ta  sumnary, an opera t iona l  sequence of events ,  
vehicle  configurat ion data  including weight and ierhrrnance data, 
a propel lant  reserves sumnary, and f l i g h t  p r o f i l e  envelopes A180 
presented a r e  launch vehicle  guidance and t a rge t ing  prs???ttis-es 
including the  S-IC tilt polynomial, and representa t ive  t r ~ j e c t t x y  
data  f o r  a l l  launch vehicle  boost and coast  phases of f?:eht. The 
S-IVB lunar impact t r a j e c t o r y  data  are not iilcluded i n  &hi# report 
but w i l l  be published in a separa te  document later t h i s  month. 
'Piis analysis  has v e r i f i e d  t h a t  the AS-509 launch vehic le  i s  capable 
of achieving a l l  mission and launch vehicle  object ives  without v io la -  
t i ng  cons t ra in ts  s t i p u l a t e d  i n  the mission implementation c r i t e r i a .  
Launch vehicle  performance reserves  were found adequate t o  meet a l l  
mission object ives  i n  the presence of three-sigma dispers ions.  
Therefore, response t o  the  guidance and ta rge t ing  prese t t ings  w i l l  
i n j e c t  the Apollo 14 spacecraf t  onto the desired t ranslunar  t r a j e c t o r y  
under three-sigma conditions.  
The launch vehic le  t a rge t ing  objec t ives  provided by MSC f o r  launch 
on Januclry 31, 1971, and f l i g h t  t o  t he  Fra Mauro landing s i te  are 
cons is ten t  with the  mission planning concept adopted f o r  t h i s  launch 
date--constant t i m e  of lunar a r r i v a l .  
f o r  the  targeted azimuths (72, 80, 88, and 96 degrees) a r e  approxi- 
mately 1.0 meter. 'second. 
Nominal midcourse requirements 
An S-IVB post-TLI t r a j e c t o r y  is presented i n  t h i s  report. This tra- 
jec tory  is designated the S-TVB dead s t age  t r a j e c t o r y  and describes 
the  f l i g h t  path the  S-IVB dead s t a g e  w i l l  follow if tine base eigh'c 
cannot be i n i t i a t e d  by ground command during f l i g h t .  
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SECTION 11: MISSION REQUIREMENTS AND DESCRIPTIDN 
The Apollo 14, AS-509 mission is  an Apollo Lunar Surface Experiment 
Package (ALSEP) lunar landing mission. The primary launch da te  is  
January 31, 1971, with the landing s i te  being i n  the  Fra Mauro area 
which i s  a lunar highlands region. 
The primary launch vehicle  mission objec t ive  requi res  t h a t  the  launch 
vehicle  i n j e c t  a manned Apollo coamand/service module (CSM) and lunar 
module (LM) onto a t rans lunar  o r b i t .  The manned space f l i g h t  primary 
Objectives are as follows: 
1. Perform se lenologica l  inspect ion,  survey, and sampling in a 
highland area.  
2. Deploy ALSEP cons is ten t  with a seislnic ne t .  
3 .  I?evelop t h e  capab i l i t y  t o  conduct a mission t o  a s p e c i f i c  site. 
4. Demonstrate the  point  landing capab i l i t y .  
5. Develop man's capab i l i t y  t o  work i n  the  lunar environment. 
Other supporting objec t ives  are given below: 
1. Launch on a f l i g h t  azimuth between 72 degrees t o  96 degrec 
east of north.  
2. I n s e r t  the S-IVB/IU/.':SM i n t o  a 100 n a u t i c a l  m i l e  circular 
e a r t h  parking o r b i t .  
3. 
i n  e a r t h  parking o r b i t  and j u j e c t  t he  S-IVB/IU/CSM on the  planned trans- 
lunhr conic. 
Res ta r t  the  S-IVR during e i t h e r  t he  second or t h i r d  revolut ion 
4. Provide the requirr..: a t t i t u b 2  con t ro l  Zor tho S-IVB/IU/CSM 
during the t ranspos i t ion ,  d!.;king, and ejection ( T W )  maneuver. 
5 .  Provide the  caps5ili ;y LO impact t h e  spent S-IVB/IU on t he  
luqar sur face  a t  a prcdetermhed pos i t ion  approximately 33" 15' west 
Longitude and 1" 35' 45.6'' south l a t i t u d e .  
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6. Use the S-IVB APS burn t o  execute a launch v e h i c l e  evasive 
maneuver a f t e r  e j ec t ion  of the CSM/LM from the S-IVB/IU. 
7.  Venting and dumping of the remaining gases and l i q u i d  t o  
s a f e  t h  S-IVB/Iu. 
The launch vehicle  operat ional  mission cons i s t s  of the following phases: 
1. Launch and boost t o  e a r t h  parking o r b i t  Is accomplished by 
complete burns of t he  S-IC and S-I1 s tages  and a par t ia l  burn of the  
S-IVB s tage .  
2. Coast fo r  approximately two t o  three revolut ions i n  a c i r c u l a r  
100 nau t i ca l  m i l e  e a r t h  parking o r b i t .  
3 .  The second burr. of the  S-IVB s t age  from e a r t h  parking o r b i t  
t o  t rans lunar  injec-Lion. 
4 ,  Command and serv ice  module separa t ion ,  t ranspos i t ion ,  and 
docking with the lunar madule ana CSM/LM e j e c t i o n  fram S-IVB/IU 
during pos t-TLI coast  . 
5. S-IVB evasive maneuver t o  reduce the  probabi l i ty  of recontact  
with the C S ~ L M .  
6.  S-IVB dumping, venting, and APS burn operat ion a f t e r  the 
evasive maneuver t o  cause the  S-IvB/II: t o  impact the  moon. 
Mission object ives  and requirements were obtzined from Reference 2. 
Figure 1 presents a graphic representa t ion  of the  o v e r a l l  missior from 
l i f t - o f f  t o  e a r t h  re turn .  
The Apollo 14 AS-509 vehicle  i s  scheduled t 3  be launched on January 31, 
1971, from Pad 39A of t h e  Ke'medy Space Center .  
3:23  EcT which prcduces a f l i g h t  azimdth of 72.0669 degrees. This t i m e  
corresponds t o  the f i r s t  i n t e g r a l  minute a f t e r  the  opening of the 
January 31, 1971, launch window. 
L i f t -o f f  accurs a t  
For launch in accordance with the  Jansdry 31 launch windaw, t rans lunar  
i n j e c t i o n  occurs appraximately -18.66 degrees south l a t i t u d e  and 150.82 
degrees east longitude. 
The translunar  i n j e c t i o n  boost i s  ta rge ted  f o r  high periselenurn f r e e -  
r e t u r n  ta rge t ing  cons is ten t  with the  hybrid lunar landing mission p r o f i l e .  
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l'hc free-return t ra jec tory  periselenurn a l t i t udes  w i l l  vary from 
approximately 2029 naut ica l  milcts for 72 degrees f i r s t  opportunity 
t o  1075 naut ical  miles for  96 degrees for a second opportunity case, 
The operational t ra jec tory  groundtrack through TLI is presented i n  
Figure 3 fo r  3 *aunch along a 72.0669 degree launch azimuth for 
f i r s t  opportunity. 
Significant t rLjectory events and event times a r e  presented i n  the  
c r i t i c a l  events sequence given in Table 1. 
t h i s  tzb le  a r e  fo r  a launch along a 72,0669 degree launch azimuth. 
However, events referenced t o  G t h e  base are applicable with respect 
t o  t h a t  time base fo r  a l l  launch azimuths. 
parameters and az'muth dependent cri t ical  events is presented in 
Tables 2 through 12. 
Flight  times s h m  i n  
A supmary of trajectory 
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SECTION 111: TRAJECTORY DESCRIPTION 
The simulated AS-509 vehicle  i s  launched from Pad 39A of the  Kennedy 
Space Center. The launch ( l i f t - o f f )  azimuth is 90 degrees,  while t h e  
f l i g h t  azimuth may vary from 72 t o  96 degrees. 
f l i g h t  azlmuth is computzd j u s t  p r io r  t o  launch f r a n  a launch day 
dependent po lynmia l  of launch azimuth as a function of launch time. 
The primary launch azimuth for January 31, 1971, is 72.0669 degrees. 
The a c t u a l  vehicle  
A b r i e f  descr ipt ion of each phase of t he  t r a j e c t o r y  is presented i n  
t h e  following paragraphs . 
A. S-IC B o o s t  Phase 
A t  approximately 17.25 seconds p r io r  to ign i t ion ,  guidance reference 
release (GRR) occurs. 
calculat ions for tale cor rec t  f l i g h t  azimuth. A t  t i m e  zero first motion 
occurs and the e ight  holddawn arms are released- 
occurs 0.40 of a second a f t e r  f i r s t  motion. Followiug l i f t - o f f  the 
vehicle  rises v e r t i c a l l y  f r a n  the  pad for approximately U8 meters. 
During t h i s  period a yaw maneuver is i n i t i a t e d  to  provide toGer clearmice 
i n  the event of adverse wind conditions or engine f a i l u r e .  
launch vehicla has cleared t h e  tower the p i t c h  and r o l l  programs are 
i n i t i a t e d .  
computed f l i g h t  azimuth. Except for i n i t i a l  tower clearance and the 
r o l l  to  the proper f l i g h t  azimuth, both yaw and ro l l  guidance c m d s  
a r e  zero during f i r s t  s t age  f l i g h t .  
A t  t h i s  time the LVDC performs t h e  necessary 
Li f t -of f  (time base 1) 
After the 
The ro l l  msneuver a l igns  the vehicle  body axis with t h e  
Guidance during the  S-IC bum consists of a pre-prograwned p i t c h  
p r o f i l e  t h a t  is a function of time. 
computed from a fourth-degree t i m e  polynomial obtained fran a least- 
square curve f i t  of the nominal basel ine CHI p i t c h  versus t i m e  t r a j ec to ry .  
The design c r i t e r i o n  for the p i t ch  p r o f i l e  is to  maximize weight i n t o  
parking o r b i t  s u b j e c t  to vehic le  performance, heating, and load require- 
ments. 
through April winds. 
used i n  the  nominal t r a j e c t o r y  simulation for the  January 31, 1971, hunch 
window. A t  spec i f ied  times i n  the  first stage burn, d i f f e r e n t  s e m n t s  of 
the  polynomial w i l l  be entered. 
The desired p i t c h  camnands are 
The As-509 s-IC tilt p r o f i l e  w a s  generated f o r  mean November 
An average February/Merch 50-percentile wind WU 
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The f i r s t  segment of the polynomial i s  entered a f t e r  tower 
clearance or  13 seconds from f i r s t  motion, whichever occurs f i r s t .  
A t  20 seconds from t i m e  base 1, the S-IC F-1  engines a r e  canted 
r a d i a l l y  outward. 
p i tch  polynomial is entered a t  TB1 + 34.2 seconds. After en ter ing  
the  t h i r d  segment of the p i t ch  polynomial (TB1 + 66.6 seconds), the 
vehicle  exceeds the  speed  of sound with Mach one occurring a t  69.0 
seconds from first motion. Maximum dynamic pressure i s  encountered 
a t  approximately TB1 + 85.0 seconds. 
Following S-IC cant  the  second segment of t h e  
The f i n a l  segment of the  polynomial i s  entered a t  TB1 + 97.2 
seconds and extends u n t i l  t ilt  arrest .  
gain changes occur a t  105 ,md 130 seconds from TB1 ir, order t o  insure  
the  dynamic s t a b i l i t y  of the  launch vehicle .  
t he  S-IC inboard engine cu tof f  s i g n a l  is given so as t o  l i m i t  the  
vehicle  maximum longi tudinal  acce lera t ion  t o  4 g ' s .  Approximately 
50 milliseconds l a t e r ,  TR2 is set a t  135.1 seconds from f i r s t  motion, 
A t  TB1 + 162.6 seconds tilt arrest occurs. 
frozen i n  order to  dampen out p i t c h  rates p r io r  t o  S-IC/S-I1 separat ion.  
The p i tch  a t t i t u d e  remains constant  u n t i l  t he  i n i t i a t i o n  02 the  
I t e r a t i v e  Guidance Mode (IGM) during S - I 1  s t age  f l i g h t .  
During t h i s  pe r iod  cont ro l  
A t  T B l  -! 134.6 seconds 
The p i t c h  a t t i t u d e s  are 
A t  TB1  + 164.4 seconds, the  S-IC outboard engine cu tof f  command is 
T i m e  base 3 i n i t i a t i o n  occurs 0.1 of a second 
i n i t i a t e d  by propel lant  deple t ion  sensors .  Nominally, cu tof f  is i n i t i a t e d  
by LOX-depletion sensors .  
a f t e r  c u t 0  f f command. 
S-I1 ul lage  rocket  i g n i t i o n  is commanded 0.5 of a second a f t e r  out- 
s-IC re t rorocket  i g n i t i o n  and s t r u c t u r e  severance board engine cu to f f .  
are commanded 0.2 of a second later.  A t  TB3 + 0.77 of a second, separa- 
t i o n  i s  assumed t o  be complete. 
boost t o  e a r t h  parking o r b i t  impacts i n  the  At l an t i c  Ocean approximately 
30.19 degrees no r th  l a t i t u d e  and -74.15 degrees e a s t  longitude. A 
summary of S-IC and S-I1 impact  pos i t ions  i s  given i n  Table 4. 
The spent  S-IC s t age  during ncminal 
B. S-I1 Boost Phase 
As the  four S-IC re t rorockets  are pushing the  S-IC s t age  away from 
the  S-I1 s t age ,  the  four S-11 u l lage  rockets give the vehic le  a p o s i t i v e  
acce lera t ion  t o  he lp  maintain propel lant  s ea t ing  and separa t ion  d is tance  
between the S-IC and S-I1 s t age  is increased. The S- I1  s t age  u l l age  
rockets  have a nominal burn dura t ion  of 4.5 seconds, which ends j u s t  
pas t  S-I1 mainstage. 
mainstage, the S - I 1  engine s t a r t  sequence is  i n i t i a t e d  (TB3 + 1.4 seconds) 
which leads t o  S-11 i g n i t i o n  a t  167.2 seconds from f i r s t  motion. The S-11 
5-2 engines nominally requi re  two seconds from i g n i t i o n  t o  bui ld  up t o  
During the  period from t i m e  base 3 ("733) t o  
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mains tage (approximately 90% t h r u s t ) .  "be S-I1 5-2 engines i g n i t e  
with the propel lant  u t i l i z a t i o n  (PU) valve a t  t he  4.8 s e t t i n g ;  then 
a t  Ti33 + 6.9 the S - I 1  PU valve i s  commanded t o  the  5.5 mixture r a t i o  
s e t t i n g .  An open loop two-position PU valve is employed throughout 
the S - I 1  burn. 
The S - I 1  s t age  p i tch  and yaw s t ee r ing  cannnands a r e  generated by 
a closed loop implementation of the i t e r a t i v e  guidance mode ( I G M ) .  
This scheme e s s e n t i a l l y  surveys the  cur ren t  s t a t e  parameters, compares 
these with the desired terminal condi t ions,  and knowing what performance 
t o  expect during the  remaining port ion of f l i g h t  then appl ies  a simpli-  
f i c a t i o n  of the v a r i a t i o n a l  calculus  s t ee r ing  law. 
i s  a t t a ined  through the frequent i t e r a t i o n  of t h i s  procedure. 
per turbat ion can be to l e ra t ed  by IGM provided the  bas i c  assumptions of 
constant t h rus t  and s p e c i f i c  impulse are not s i g n i f i c a n t l y  v io la ted .  
Terminal accuracy 
S ign i f i can t  
I G M  i s  i n i t i a l i z e d  a t  TB3 + 40.6 seconds ( i . e . ,  t h e  guidance loop 
i s  closed) .  Pr ior  to t h i s  t i m e  the  gLidance commands have been frozen 
t o  i n e r t i a l v a l u e s  t h a t  were present a t  S-IC tilt arrest. IGM is  
delayed due t o  the order of s eve ra l  weight drop events occurring over 
t h i s  per iod. .  
drop ( S - I 1  second plane separa t ion)  a t  TB3 + 3 0 . 7  
approximately 5 . 7  seconds l a t e r  the launch escape tower (LET) is j e t t i soned  
on s i g n a l  from the  crew. 
duction of discontinuous F/M changes t o  the  guidance system is avoided. 
The f i r s t  event t o  occur is the  S-IC/S-I1 l a rge  i n t e r s t a g e  
and then 
By employing IGM a f t e r  these  events ,  t he  i n t r o  
The p i t ch  and yaw s t e e r i n g  misalignment co r rec t ion  (SMC) term is 
i n i t i a l i z e d  20 seconds a f t e r  the  beginning of IGM. The SMC is u t i l i z e d  
t o  determine the  t o t a l  t h r u s t  misa l igment  caused by c e r t a i n  vehic le  
system e r r o r s  such as engine alignment to le rances ,  t h r u s t  vector  devia- 
t i ons  (from engine center  l i n e ) ,  stage-to-stage alignment unce r t a in t i e s ,  
and center  of g rav i ty  o f f s e t s .  
For approximately the  next 240 seconds, as  t he  vehic le  continues t o  
gain ve loc i ty  and a l t i t u d e ,  no major events occur u n t i l  S - I 1  cen te r  engine 
cu to f f .  
switch s e l e c t o r  a t  a f ixed t i m e  (TB3 + 299.0 seconds). This event time 
has been pre-determined such t h a t  s t r u c t u r a l  v i b r a t i o n  e f f e c t s  are mini- 
mized. 
TB3 + 61.4 seconds and TB3 + 191.4 seconds. 
ou t ,  severa l  IGM values a r e  adjusted and updated to  account f o r  a d i f f e r e n t  
F/M h i s to ry .  
t r ea t ed  as  an engine f a i l u r e  by the guidance system; however, guidance 
prese t t ings  a r e  derived t o  minimize d i scon t inu i t i e s .  
The center  engine cu tof f  comnand is s e n t  by a s i g n a l  from the  
Also during t h i s  period the re  are two con t ro l  ga in  switch poin ts ,  
After t he  center  engine is 
The reason f o r  t h i s  being t h a t  S - I 1  center  engine cu tof f  is  
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As mentioned e a r l i e r ,  the PU system performs i n  an open loop 
configuration and operates a t  a 5.5 s e t t i n g  ( i . e . ,  the r a t i o  cf 
the mass flow r a t e  of LOX i s  5.5 par ts  of LOX t o  1 par t  of L'1i2) 
from mainstage th rus t  t o  mainstage + 305 seconds. At t h i s  t i m e ,  
a specif ied pre-determined c h a r a c t e r i s t i c  ve loc i ty  i s  nominally 
achieved which t r igge r s  the  IGM t o  begin what i s  known as the  seccnd 
phase of IGM. The operation of the  guidance system i s  pre-planned 
here. I n  tu rn ,  the IGM sends a command through the switch se l ec to r  
t o  change the  PU valve such t h a t  a mixture r a t i o  of 4.8 is obtained. 
The S - I 1  operates a t  t h i s  MR s e t t i n g  fo r  the remainder of the S - I 1  
burn. The philosophy of using d i f f e r e n t  mixture r a t l o  s e t t i n g s  i s  
t o  operate the S - I 1  s tage  a t  i t s  maximum acce lera t ion  capab i l i t y  
(maximum t h r u s t )  during the per iod  of higher grav i ty  losses ,  s h i f t i n g  
t o  a more e f f i c i e n t  power leve l  once the ve loc i ty  d i r ec t ion  i s  r e l a -  
t i v e l y  f l a t  and the correspondi-ag gravi ty  loss r a t e  i s  lower. 
The S - I 1  s tage  5-2 outboard engines a r e  cut  off  simultaneously 
a f t e r  a timer expirat ion by a s igna l  from any two of the f i v e  
propellant depletion sensors located i n  t h e  LH2 and LOX tanks. 
The LH2 c i r c u i t  has  a 2.3 second timer, and the LOX has a 1.85 
second delay. 
t o  occur 556.66 seconds from f i r s t  motion. 
The cutoff  comand f o r  AS-509 S - I 1  s tage  is predicted 
Time base 4 (TB4) begins 0.01 of a second a f t e r  S - I 1  outboard 
engine cutoff comnand. 
i g n i t e  the S-IVB ullage rocket motor i s  given. The ul lage rocket 
motors w i l l  impart a forward acce lera t ion  t o  he lp  maintain S-IVB 
propellant posit ioning. 
A t  TB4 + 0.9 of a second, t he  s i g n a l  t o  
The S-II/S-IVB separat ion s igna l  i s  given a t  TB4 + 1.0 second. 
The separat ion cowand i n i t i a t e s  the f i r i n g  of the  separat ion devices 
and t h e  four 34860-pound th rus t  re t rorockets .  The retrorocket  pro- 
duces a retarding force t o  the  S - I 1  stGge during separat ion which 
prevents S-II/S-IVB in te rac t ion .  S-II/S-IVB physical separat ion 
occurs 0.1 of a second l a t e r ;  t h i s  corresponds nominally t o  a f l i g h t  
t i m e  of 557.7 seconds from f i r s t  motion. 
S - I 1  stage impacts i n  the  At lan t ic  Ocean a t  approximately 31.24 degrees 
north l a t i t u d e  and -32.84 degrees e a s t  longitude. 
For the prime azimuth the 
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-- c .  S-IVB F i r s t  Burn 
Following S-II /S-IvB separat ion,  the S-IVB engine s t a r t  sequence 
i s  i n i t i a t e d  a t  TB4 + 1.1 seconds. 
seconds t o  complete and culminates with S-IVB i gn i t i on  a t  TB4 + 4.1 
seconds. d u i l d u p  t o  meinscage (approximately 90% t h r u s t )  i s  naninally 
achieved 2.5 seconds l a t e r  a t  TB4 + 6 .5  seconds. 
which were ign i ted  p r io r  t o  separat ion,  a r e  decayed a t  TB4 + 8.5 
seconds and je t t i soned  4.3 seconds l a t e r .  
S t a r t  sequence requires three  
The ul lage rockets ,  
Once the vehicle  has achieved niainstage, the a t t i t u d e  freeze 
r e s t r i c t i o n s  employed a t  S - I1  outboard cutoff  are removed. This 
i s  dont a t  TB4 + 8.2 seconds, and Phase 3 of the  I t e r a t i v e  Guidance 
Mode (IGM) is enabled. This a c t i v i t y  determines the correct ions 
needed t o  s t e e r  the vehicle  t o  the pre-determined pos i t ion  and ve loc i ty  
a t  ea r th  parking o r b i t  i n se r t ion  (EPOI). 
operater ir. 3 two-position, open-loop configuration during boost f l i g h t .  
The a 
S - I n  - 3 t  burn is 5.0. 
The S-IYB s tage  W system 
iimate S-Im LCIX/LH2 f l aw  rate mixture r a t i o  used during the  
Approximately 6 . 9  seconds a f t e r  IGM has been r e - i n i t i a t e d ,  p i t ch  
and yaw s t ee r ing  misalignment cor rec t ion  (SW) terms are r e - i n i t i a l i z e d  
t o  compensate f o r  any e r ro r s  due t o  engine thrust misalignments. 
As the terminal conditions a r e  approached, t he  guidance system 
becomes morc sens i t i ve  t o  perturbations i n  the desired f l i g h t  path. 
Since it  may not be p r a c t i c a l  t o  completely el iminate  a l l  these 
perturbations (i.e., fue ls losh) ,  another a l t e r n a t i v e  is t o  r e l i eve  
t h e  cons t ra in ts  placed on the  terminal conditions.  This r e l i e f  is 
supp l i ed  approximately 35 seconds p r io r  t o  cutoff by decreasing the 
a l t i t u d e  accuracy cons t ra in ts .  The approach is  f eas ib l e  s ince  the  
desired a l t i t u d e  has already been reached and the  t r a j ec to ry  cons t r a in t s  
a r e  more s t r ingen t  f o r  path angle and veloci ty .  
Approximately 8 seconds p r io r  t o  cutoff  (TB4 + 138.3 seconds) the  
Approximately 700 secondd a f t e r  f i r s t  motion t h e  
a t t i t u d e  r a t e s  a r e  again zeroed out ,  so the  vehicle  w i l l  be i n  a s t a b l e  
a t t i t u d e  a t  cu tof f .  
desired terminal conditions hzve been reached, and the  c o m n d  is issued 
f o r  engine cu tof f .  Time base 5 (TB5) is set 0.25 of a second later,  and 
t h r u s t  decay ends 1.85 seconds a f t e r  cu tof f .  
Immediately a f t e r  cutoff  (TB5 + 0.3 of a second) the  S-IVB APS ul lage  
engines a r e  igni ted.  
t o  the  s tage  t o  maintain propellant seat ing.  They w i l l  continue to  burn 
fo r  approximately 87 seconds overlapping by 32 seconds the  i n i t i a t i o n  of 
the LH2 continuous vent. 
Each of these two engines provides a 72-pound t h r u s t  
13 
Earth parking o r b i t  i n se r t ion  (EPOI) i n t o  a c i rculay 100-nautical  
n i l e  o r b i t  occurs, by d e f i n i t i o n ,  10 seconds a f t e r  S-IVB cutoff ' 3 5  + 
9.75). The Launch Vehicle Digi ta l  Computer (LVDC) continues t o  sample 
accelerometer data u n t i l  TB5 + 100 seconds. At t h i s  t i m e ,  o r b i t a l  
navigation i s  i n i t i a t e d  and the LVM: updates the posi t ion and ve loc i ty  
components i n  accordance with mathematical models developed pr ior  t o  
the f l i g h t .  
D. Coast i n  E a r t h  Parking Orbit -
During ea r th  parking o r b i t  coas t ,  a t t i t u d e  cont ro l  i s  maintained 
The only longitudinal th rus t ing  occurring during 
a t  l oca l  horizontal  through the use of the reac t ion  con t ro l  auxi l ia ry  
propulsion system. 
t h i s  period i s  a r e s u l t  of the propulsive hydrogen venting of t h e  
continuous venting system (CVS). 
AS-509 mission i s  s h w n  ir .  Figure 61 
Erom prev! ous missions. 
The predicted CVS t h rus t  f o r  the 
and is based upon observed data  
Since the accelerat ions produced by the CVS a r e  extremely sma!.l, 
the  accelerometers a r e  not used by the guidance computer t o  ca l cu la t e  
posit ions and ve loc i t i e s  during t h i s  phase of f l i g h t .  Instead, a 
preset  model of t he  venting accelerat ions i s  used by the f l i g h t  computer 
i n  order t o  determine the  t r a j e c t o r y  of the  vehicle.  
r a t ion  model being used for  the AS-SO9 mission is  presented i n  Table 18. 
The vent accele- 
When tl:e pos i t ion  of the  launch vehicle  s a t i s f i e s  c e r t a i n  geometrical 
cons t ra in ts  defined by the t ranslunar  i n j ec t ion  (TLI) ta rge t ing  preset- 
of r e s t a r t  preparations.  
cons t ra in ts  i s  given i n  Reference 20. 
*" - L l ~ g ~ ,  - -  t i m e  base 6 i s  set by the f l i g h t  computer s igna l ing  the heginning 
A de ta i l ed  explanation of t he  geometrical  
E. S-IVB Secocd Burn (Translunar In jec t ion)  
The r e s t a r t  preparations a r e  i n i t i a t e d  with the i g n i t i o n  of the  
helium heacer (02/H2 burner) a t  42 seconds i n t o  t i m e  base 6.  
i s  closed 0.2 of a second l a t e r .  A t  496.3 seconds a f t e r  t i m e  base 6 
i n i t i a t i o n ,  the APS ullage motors a r e  s t a r t e d  i n  order t o  fur ther  s e a t  
the S-IVB propellailts p r io r  t o  mainstage ign i t i on .  Followivg the  APS 
ul lage motor i gn i t i on ,  the  helium heater  is c u t  off a t  t i m e  base 6 p l u s  
456.8 seconds. A t  570 seconds i n t o  t i m e  base 6,  the  engine start  comaand 
is  i s sued  and 5-3 f u e l  lead begins marking the  in i t :&t ian  of the  5-2 
r e s t a r t  sequence. The APS ullage motors a r e  c u t  off 3.0 seconds l a t e r ,  
followed by 5-2 nngine ign r t ion  a t  8.0 seconds a f t e r  5-2 f u e l  lead i n i t i a t i o n  
Mainstage t h r u s t  (approximately 90% t h r u s t )  occurs nominally 2.5 seconds 
a f t e r  engine ign i t ion .  
The CVS 
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The t ranslunar  i n j e c t i o n  boost IGM i s  i n i t i a t e d  a t  apprcximately 
4 sctoiids a f t e r  mainstage th rus t  i s  achieved. Then some 11.-! seconds 
l a t e r ,  s t ee r ing  misalignment cor rec t ion  ca lcu la t ions  a r e  begun t o  
compensate for any errors due t o  engine t h r u s t  misalignment. 
A propel lant  m i x t u r e  r a t i o  s h i f t  occurs 135 seconds a f t e r  the 
nominal t i m e  of mainstage th rus t  during a f i r s t  opportunity TLI bum. 
The L O X / L H ~  flow r a t e  m i x t u r e  r a t i o  is approximately 4.5:l p r i o r  t o  
the s h i f t  and 5.d:l a f t e r  the s h i f t .  The mixture r a t i o  s h i f t  ends 
the four th  phase of IGM and s i g n i f i e s  :he begirning of an a r t i f i c i a l  
t au  mode which l a s t s  for 30 secmds .  The second opportunity S-XVB 
burn does not have a mixture r a t i o  sh i f t . ,  and the  f u l l  boost durat ion 
occurs a t  a flow r a t e  m i x t u r e  r a t i o  of approximately 5.0:l.  There i s ,  
however, a sho r t  a r t i f i c i a l  t au  mode of 1 second durat ion a t  the hi- 
t i a t i o n  of IGM followed i m e d i a t e l y  by the i n i t i a t i o n  of I C ;  Phase 5. 
When t h e  computed t i m e  t o  go i n  the f i f t h  phase of IGM becomes 
< 30 seconds, the x terminal  s t ee r ing  guidance mode  is  entered 8-3 
ca lcu la t ions  of IGM end conditib,is a r e  terminated, thereby avoirs,ng 
any la rge  guidance commands i n  the region of guidance cu tof f .  The 
high speed loop i s  entered approximately 3 seconds p r i o r  t o  cu to f f .  
Then, when the terminal conditions a r e  achieved, guidance cutoff  signal. 
is i s s u e d  follawed by t i m e  base 7 i n i t i a t i o n  0.21 of a secmd later. 
LH2 continuous venting begins a t  TB7 + 0.5 of 2 second followed by 
t r m s l u n a r  i n j e c t i o n  (TLI) which is defined as  10 seconds from the 
time of guidance cu tof f  s igna l .  
F . Pos t -Trans lunar In  iec t i o n  
Following t rans lunar  i n j e c t i o n ,  the LH2 cmt inuous  vent (CVS) remains 
4s a t  which 
ft.e a t t t t u d e  
on u n t i l  TB7 + 150.9 seconds. The a t t i t u d e  of t h e  vehic le  :s fzczen 
i n e r t i a l l y  from guidance cu tof f  s i g n a l  u n t i l  TB7 + 150.9 sr 
t i m e  the  o r b i t a l  guidance and navigation modes are entered.  
i s  then c m a n d e d  t o  l o c a l  hor izonta l .  The CVS is turned off  a t  t b i s  
t i m e  a l so .  
A t  TB7 + 953 seconds i!le vehic le  is commank.’ t o  t ranspos i t ion ,  
docking, and ex t r ac t ion  (TD&E) a t t i t u d e .  The simulated CSM separa t ion  
occurs a t  TB7 + 1500 seconds with CSM/LM e j e c t i o n  occurring 3780 seconds 
la te ,  Following CSM/LM e j e c t i o n ,  t he  , - I V B / I U  maneuver t o  the  evasive 
maneuver a t t i t u d e  and the  s e t t i n g  of time base 8 (738) a r e  initia:L;u %y 
15 
ground comnand. 
and ground-commanded th rus t  o p e r a t i m s  a r e  use; t o  a l t e r  the S I\rg/nJ 
t r a j e c t o r y  so t h a t  the S-TVB/IU PAll impact the moon. 
During D 8  a combination of switch selector-commanded 
The following t h r u s t  operztions a l te r  t h e  trajectc ty: 
1. LH2 tank CVS venting. 
2. LOX tank d u p i n g .  
3. APS ulldge w t o r  burn. 
The f i r s t  t.m operations reduce the  trajectory periselenum a l t i t u d e  
such t h a t  a lunar impact w i l l  occur a f t e r  t he  completion of the  LOX 
dump. 
s i te  of approximately 33" 15' w e s t  longitude and 1' 35' 45.6" south 
l a t i t ude .  fie de ta i l ed  pos -TLI launch vehic le  operations that r e s u l t  
in S-ZcrS;IU lunar impact w i l l  be presented i n  a later document. 
???e c9.; b u n  is used tr. provide impact a t  t h e  desired lunar impact 
T a b l e  B-2 presents  the  S-Ivb t r a j e c t o r y  ("dead stage") which r e s u l t s  
The i f  the  time base 8 operations mentioned above cannot be i n i t i a t e d .  
trajec2.q is €or a launch along a 72.0669-degree launch azimuth. 
"dead stage" S-IvB/IU t r a j e c t o r y  is t h e  trajectory that r e s u l t s  fram 
simulating the  launch vehic le  response t o  t h e  TLI boost guidance and 
t a rge t ing  prese t t ings .  This t r a j e c t o r y  is the  one from which midcourse 
co r r sc t ion  (MCC) requiremento are evaluated t o  dets . - h e  the v a l f d i t y  
of the  ta rge t ing  p rese t t i ngs  and t h e  vehic le ' s  respu..se t o  them. 
t r a j e c t o r y  is also a good approximation of the  spacec ra f t  t r a j e c t o r y  
pr ior  t o  the hybrid maneuver MCC made a t  TLI + 28 hours. 
The 
Tbis 
MCC v e l ~ i t y  requirements are obtained by e s t ab l i sh ing  the  ve loc i ty  
increment t h a t  must be applied to the  S - N B  "dead stage" trajectory t o  
cause it  to  s a t i s f y  t h e  ta rge t -objec t ive  a r r i v a l  condi t ions a t  pe r i se l .  num 
and a t  f ree- re turn  perigee. 
are presented in Table 13 for launch on J a m a r y  31, 1971. 
MCC ve loc i ty  requirements a t  TLI + 9 hours 
16 
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T I M E  FROM F I R S T  MOTION - SECONOS 
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FIGURE 7 INERTIAL V E L O C I T Y  VERSUS T I M E  ELIRING BOOST 


























TIME FROM FIRST MOTLON - SECONOS 
F I G U R E  8 R E L A T I V E  V E L O C I T Y  VERSUS T I M E  OURING 
e O O S T  T O  PARKING O R 6 I T  
41 
x S-IC/S-II SEI’ 
0 S-II/S-lVB SEP 
Y GCSl 72.067-DEGREE AZIMUTH 











J a z < 











T I M E  FROM FIRST MOTION - SECONDS 
FIGURE 9 I N E R T I A L  P A T H  ANGLE VERSUS T I M E  
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:-!GURE 17 Q*AL?YA PROOUCT VERSUS T I M E  DURING 6OOST 
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FIGURE 18 AEROOYNAM IC A X  I A L  FORCE VERSlJS T I ME OUR ING 
BOOST TO INITIATION O F  ITERATIVE GUIDANCE 
TIME FROtl FIRST MOTION - SECONDS 
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TIME FROM FIRST MOTION - S€CoNDS 
FIGURE 20 AEROOYNAMIC H E A T I F I G  I N D I C A T O R  VERSUS T I M E  
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TlME FROM FIRST MOTION - SECONOS 
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TIME FROM TIMEBASE 6 - SECONDS 
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TIME FROM TIMEBASE 6 - SECONOS 
FIGURE 41 T H R U S T - T O - M A S S  R A T I O  VERSUS T I M E  DURTNG 
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Figure 45 TRANSLUNAR ORBIT C3 VARIATION FOR 31 JANUARY 1971 LAUNCH WINDOW 
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SECTION IV: PROPULSION AND MASS CHARACTERISTICS 
Propulsion c h a r a c t e r i s t i c s  used i n  t h i s  ana lys i s  f o r  t he  S-IC, S-11, 
and S-IVB stages  were obtained from References 15 and 21. 
mainstage t h r u s t  p r o f i l e s  for these s tages  are presented i n  Figures 50 
through 54. 
s tage  performance comparisons are presented i n  Table 14. 
Total 
Spec i f ic  propulsion parameters t h a t  are necessary f o r  
Thrust h i s t o r i e s  during S-IC/S-I1 and S-II/S-IVB s tag ing  events are 
presented ‘in Figures 55 and 56. The da ta  of these  f igures  provide 
a composite h i s t o r y  of mainstage th rus t  decay, u l lage  t h r u s t ,  and 
mainstage t h r u s t  buildup. 
S-IVB t h rus t  decay, the  S-IVB restart sequence, and S-IVB t h r u s t  buildup 
after r e ign i t ion  are presented i n  Figures 57 
Thrust h i s t o r i e s  f G r  first and second burn 
through 60. 
AS-509 launch vehic le  mass c h a r a c t e r i s t i c s  were simulated using data 
contained i n  Reference 14. The simulated mass h i s to ry  a t  key events 
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TIME FROM FIRST MOTION - SECONDS 
FIGURE 50 S-IC S T A G E  THRUST HISTORY 
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T I M E  FROM FIRST MOTSON - SECONOS 
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TIME FROM TIMEBASE 6 - SECONDS 
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TIME FROM TIMEBASE 6 - SECONDS 
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T I M E  FROM FIRST MOTION - SECONDS 
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72.067-UEGREE AZIMUTH X T I L T  INlfIATlON 0 T I L T  ARREST 
TIME FROM FIRST MOTION - SECONDS 
FIGURE 64 COMMANDED V E H I C L E  P I T C H  ATTITUOE F O R  
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7IME FROM FIRST MOTION - SECONOS 
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TIME FROM FIRST MOTION - SECONDS 
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F I G U R E  100 T I M E  REMAINING I N  IGM P H A S E  5 FOR S - I V B  
SECOND BURN CFIRST OPPORTUNITY1 
X IGM INITlArlON 
0 MH SHlf T 
Y €NO ARllrfCiAL TAU M O M  
Z 8tGIN CHI-TlLUE STEERING 
BEGIN CHI FREEZE 72.067-DEGREE AZ IMUTii 
TIM€ FROM TIMEBASE 6 - SECONOS 
F I G U R E  101 R A T I O  O F  MA','; T C  M A S S - F L O W R A T E  FCF? S - I V 6  
SECOND BURN / F I R S T  CPPnRTUNITY - IGM 
PHASE 53 
149 
72.067 -0EGRCE AZlMUTH 
T I M E  FROM TIMERASE 6 - SECONDS 
F 1 C;IJRE 102 (:DMMANDED V E H  I C;LE P I TC:H A T T  I TuOE FOR 







TIME FROM TIMEBASC 6 - SECONDS 
FIGCJRE 103 A C T U A L  V E H I C L E  P I T C H  A T T I T U D E  FOR S-IVa 






72.06'1 IlLGHCL AZlMUlH 
1 IME FROM T IHEBASE 6 - SECONDS 
F- I :;LIRE 104 C(3MMANDED V E H I C L E  Y A W  A T T  i TUOE FOR S -  I V 6  





























4 . 2 .  
I60 
lIME FROM TIMEBASE 6 - SECONDS 
F I G U R E  105 ACTCJAL.  VEHICLE Y A W  A T T I T t J U E  FOR S - I V B  
5ECONO BURN C SECOND OPPORTUN 1 T f 1 
153 
T I M E  FROM TIMEBASE 6 - SECONDS 
F 1c;uRE 106 R E Q U I R E D  P I T C H  S T E E R I N G  ANGLE TO S A T I S F Y  
T E R M I N A L  V E L O C I T Y  REQUIREMENTS F O R  S - I V B  
S E C O N D  8URN (SECOND OPPORTUNITY) 
154 
X IGM INITIATION 
0 M G I N  CHI-TILDE STEEfJlNG 
Y BEGIN CHI FREEZE 
NOTE0 EVENTS OCCUR A T  APPROXIMATELY 
72.067-DEGREE A2 IMUTH 
3 < 
t 
T I M E  FROM TIMEBASE 6 - SECONDS 
F IGURE 107 REQUIEEO Y A W  S T E E R I N G  ANGLE TO S A T I S F Y  
T E R M I N A L  VELOCITY REQUIREMENTS FOR S-IVB 
SECOND BURN CSECOND @ P P O R T U N I T Y J  
X IGH INIlIATION 
0 BEGIN CHI-TILDE ST€ERINC 
Y BEGIN CHI F N E Z E  







T I .E FHnP T IMEBASE 6 - SECONUS 
FIGURE 108 P I T C H  STEERING A N G L E  BIAS TO ENFORCE 
TERMINAL POSITION REOUXREMENTS F O R  S - I V B  
SECOND BURN CSECONO O P P O ~ T U N I T Y 3  
156 
K IGM I~ITIATION 
0 BEGIN CHI-TILDE STEERING 





T IME FROM T IMEBASE 6 - SECONOS 
1 IGuRE 109 Y A W  SlEERiNG ANGLE B I A S  T O  ENFORCE 
T E R M I N A L  POSITION PEQU!KEMENTS Fr)e S-IVB 
SECOND BURN CSECONO OPPORTUhIfYl 
TIW FROM TI?IEBASE 6 - SECONOS 
F f G c i R E  110 TIME REMAINING IN IGM PHASE 5 F O R  S - I V B  
SECONO BURN CSECONO OPPORTUNITY3 
TIME FROM TIMEBASE 6 - SECONDS 
F IGURE 111 R A T I O  O F  M A S S  TO h A S S - F L O W R A T E  F O R  S - I V 6  
SECOND BURN CSECOND O P P O R T U N I T Y  - I G M  






































BEGIN Y A Y  MANEUVER 
TILT INITIATION 
SWITCH POLYNOfllAL SEGMENT 
SWITCH POLYNOMIAL SEGMENT 






T I M E  FROM F I R S T  MOTION - SECONDS 
F I G U R E  113 PREDICTED BODY PITCH A T T I T U D E  R A T E  












72.067 -0EGREE AZ I N T H  
BEGIN YAW MANEUVER 
TILT INITIATION 
SW 1 CH POL YNon 1 AL SEGnENT 





















TIME FROM FIRST MOTION - SECONDS 
FIGURE 114 PREDICTED 6 O D Y  YAW A T T I T U D E  R A T E  







- 72.067-DEGREE AZIMUTH 
X IGM INITIATION 
0 GAIN CHANGE 
Y GAIN CHANGE 
2 s-11 CECO ~ 
T i  LESS THAN ZERO 
C END TPANSITIONAL TAU MOO€ 
NOTED EVENTS OCCUR A T  APPROXIHATELY 
T I M E  FROM FIRST MOTION - SECONOS 
FIGURE 115 PREDICTED B O D Y  PITCH ATlITUDE RATE 



































X IGM INlTlATION 
0 GAIN CHANGE 
Y GAIN CHANGE 
2 s-11 CECO 
11 LESS THAN ZERO 
C END TRANSITIONAL TAU MODE 
TIME FROM FIRST MOTION - SECONOS 
FIGURE 116 PREDICTED BODY Y A W  A T T I T U D E  R A T E  
FOR S - 1 1  S T A G E  F L I G H T  
165 
X CNO ATTITUDE ARREST 
0 END ARTIFICIAL TAU MOO€ 
Y BEGIN CHI-TlLO€ STEERING 
Z BEGIN CH! fR€EtE 




































TIME FROM FIRST MOTION - SECONDS 
F I G ~ J R E  117 PREOICTEO B O D Y  PITCH ATTITUDE R A T E  











X END ATTITUOE ARREST 
0 EN0 ARTIFICIAL TAU Hoof. 
2 BEGIN CHI FREEZE 
GCSl 
'I BEGIN CHI-TILD€ SlE€RING 
72.067-DEGREE A 2  IMUTH 
TIME FROM FIRST MOTION - SECONOS 
FIGURE 118 P R E D I C T E D  BODY Y A W  A T T I T U D E  R A T E  
FaR S - I V B  S T A G E  F L I G H T  CFIRST BURN3 
16 7 
- - --e -- 
X IGM INITIATION 
0 MH S H I F T  
Z BEGIN CIdf  TILDL SfLf .HIFtC 
o w  - 
a *  
9 
I Y EN[) A R I I F ! C I A L  TAU MOOf 














C Y  
< T  
> 
TIME FROM TIMEBACE 6 - SECONDS 
F l l i U R E  119 P R E D I C T E D  BOOY P I T C H  A T T I T U D E  R A T E  F O R  
S -  I V B  SECOND BURN C F I R S T  O P P O R T U N  I T Y  1 
158 
T IME FROM T IWBASE 6 - SECONDS 
FIGURE 120 P R E O I C T E D  8 O O Y  Y A W  A T T I T U D E  R A T E  FOR 
S-iVB SECOND BURN CFIRST O P P O R T U N I T Y )  
169 




1 IME FI?OM 1 IMI  I3ASL 6 Sf CONUS 
F I(>( . .IRE 121 PREDICTED B O D f  P i  T C Y  A T T  I TCJDE H A T E  F O R  
S -  I V R  S E C O N D  Rl lPN SECOND O P P O R T l J N  I T Y  I 
1 7  0 
X 1GM I N l I l A f l O l Y  
Y BEGIN CHI fRELZL 
0 W G I N  C H I - f f L O t  S1LtRlhJG 72.067-0CCHEC AZIMUTH 


















TIME FROM TIMEBASE 6 - SECONDS 
FIGLIRE 122 PREDICTED BODY Y A W  ATTITUDE R A T E  F 3 R  



















































































72.067-OEGREE A2 IWTH 
BEGIN YAY HANEUVEU 
TILT I N t T t A T l O N  
RAOIAL €NGINIE CANT 
SWITCH POLYNOnfAL S€GH€NT 
SWITCH WLYN(wl1AL SEGMENT 
SWITCH POLYNOMIAL SEGMENT 
GAIN C H A m  
GAIN CHANG€ 
TILT A M S T  
T I M E  FROM FIRST MOTION - SECONDS 
F I G U R E  124 PITCH-PLANE NOZZLE POSITION H I S T O 2 Y  F O R  
S-IC S T A G E  CENGINES 1 A N D  4 1  
173 
72.067-DEGREE AZIMUTH 
X R E G I N  Y A Y  MANEUVfR 
0 1 1 L T  INlTIATlON 
Y RAUIAL ENGINE: CAN1 
Z SWITCH POLYNOMIAL SfGtlfNT 
* SWITCH POCYNOMIAL SEGMENT 
C SWITCH POLYNOMIAL SEGMENT 
+ GAIN CHANGE 
U GAIN CHANGE 
I TILT ARREST 
NOTE0 EVENTS OCCUR A T  A P P R O X I ~ ~ A T E L Y  
TIME FPOM FIRST MOTION - SECONDS 
F I G U R E  125 PITCH-PLANE N O Z Z L E  POSITION HISTORY 





































X BEGIN YAW tlANEUVER 
0 T I L T  INITIATION 
Y RADIAL ENGINE CANT 
2 SWITCH POLYNOMIAL SlEGnENt 
SWITCH P O L Y N W l I A L  SEGHENT 
C SWITCH POCYNOnIAL SEGMENT 
+ GAIN CHANGE 
U GAIN CHANS 
I T I L T  ARREST 
NOTE0 E V E N T S  OCCUR A T  A e P R O X l M T € C Y  
T IM€  FROM FIRST MOTION - SECONOS 
F IGURE 126 Y A W - P L A N E  N O Z Z L E  POSITION HISTORY FOR 












































IN Y A W  MANLUVEH 
1 IklllAflON 
IAL ENGINE CANT 
TCH POLYNOMIAL SCGtlENT 
TCH POLYNOMIAL SEGMENT 
TCH POLYNmIAL SEGMENT 
+ GAIN CHANGE 
U GAIN CHANGE 
I TILT ARREST 
T IME FROM FIRST MOTION - SECONDS 
FIGURE 127 Y A W - P L A N E  N O Z Z L E  P O S I T I O N  H I S T O R Y  F O R  
S-IC S T A G E  CENGINES 3 A N D  4 3  
X 1GM INITIATION 
0 GAIN CHANGE 
Y GAfN CHANG€ 
2 s-11 CECO * 11 LESS THAN ZERO 
































TIME FROM FIRST MOTION - SECONDS 
F I GUPE 128 PI TCH-PLANE NOZZLE P O S  I T I ON t4 .; 5 T O R Y  
F O R  S - I f  S T A G E  [ENGINES 1 AND . ’  
17 7 
72.067-OEGREE AZIMUTH 
X IGM INlllA1ION 
0 G4IN CHANG€ 
Y GAIN CHANGE z s-ll CECO 
* T 1  LESS THAN ZERO 
C END TRANS I 1 1 ONAL TAU MOUE 
NOTED EVENTS OCCUR A T  APPROXIMATELY ul 



































TIME FROM FIRST MOTION - SECONDS 
F I f..l.Jf?E 129 P I T C H - P L A N E  N O Z Z L E  PO’S I T I O N  H I  S T O R Y  



















72.067-OE:GREE A Z  I MUTH 
X IGM INITIATION 
0 GAIN CHANGE 
Y GAIN CHANGE 
T l  LESS THAN ZERO 
C EN0 TRANSITIONAL TAU MQOE 
2 S-I1 CECO 
TIME FRr’Y FIRST MOTION - SECONDS 
FIGLIRE 130 Y A W - P L A N E  NOZZLE POSITION HISTORY 












x t r  M IN! I IATI!IN 
0 Oh I N  Lt IAIJGf 
Y (3 1N CHAhtGf 
z 5 - 1 1  ccco 
* 1 1  LESS THAN IIHO 
C C Nt) TRANS I 1 I ONAI. 1 AU MOIJE 
T IME FROM FaRST MOTION - SECONDS 
F I GlJRF 131 Y A W - P L A N E  N O Z Z L E  P O S  I T I O N  H 1 S T O R Y  





GURE 132 PITCH-PLANE NOZZLE f = O S I T I O N  HISTORY 







X END ATTITUOL ARREST 
0 EN0 ARTIFICIAL TAU noOE 
Y S G I N  CHI -T lLM ST€ERING 
2 B E G I N  CHI FREEZE 











T I M E  FROM FIRST MOTION - SECONDS 
FIGURE 133 Y A W - P L A N E  NOZZLE POSITION HISTORY 
FOR S - I V B  S T A G E  ( F I R S T  BURN) 
182 
72.067-EGREE AZIMUTH 
X IGM INITlATlON 
0 Mf? SHIFT 
Y END ARTIF I C l A L  TAU MODE 
2 =GIN C H I - T I L M  STEERING 
8€GIh CHI FR€€L€ 
NOTE0 EVENTS OCCUR A T  A m % l M A T E L Y  
TIME FROM TIMEBASE 6 - SECONOS 
FIGURE 1% PITCH-PLANE NOZZLE POSITION HISTORY F O R  





X IGM lNlTlAllt!! 
0 Mf? SHIf 1 
Y €NO ART IF IC I A L  I A J  W'3L 
2 B € t I N  CHI-TILDE STfFPING 
4 &GIN CHI FWCZE 
NOTED EVENTS OCCUR A T  A W R O X I M A ~ E L Y  
TIME FROM TIMEBASE 6 - SECONDS 
F I G U R E  135 Y A W - P L A N E  N O Z Z L E  POSITION HISTORY F O R  S - I V 8  
































72.067 -nEGRfL AZIMUTH 
TIHE FROM TIMEBASE 6 - SECONOS 
F IGURE 136 P 1 T C H - P L A N E  NOZZLE POS I T I O N  HI STORY FOR 




TIME FROM TIMEBASE 6 - SECONDS 
F I GORE 137 V A W - P L A N E  NOZZLE PUS I T 1 ON H I  S T O R Y  FOR 5- I V 6  



















EAN 5 0 - P E R C E N T I L E  
EBRUARY / M A R C H  W I N D  ’ 
A I L M I N D  I S  P O S I T I V E  
E A D W I N D  I S  N E G A T I V E 1  
80 100 
W I N D  V E L O C I T Y  - M E T E R S / S E C O N D  
F I G U R E  138 MEAN W I N D  FOR F L I G H T  S I M U L A T I O N  ( 7 2 -  THROUGH 




W I N D  V E L O C I T Y  - M E T E R S / S E C O N D  
F I G U R E  139 MEAN W I N D  F O R  F L I G H T  S I M U L A T I O N  ( 8 2 . 5 -  T 
9 6 - D E G R E E  L A U N C H  A Z I M U T H )  
I RO GH 
188 
SECTION VI: GUIDANCE PRESETTINGS 
Except fo r  i n i t i a l  tower clearance and t h e  ro l l  t o  the proper f l i g h t  
azimuth, both yaw and r o l l  guidance comands a r e  zero during f i r s t  
s tage f l i g h t .  The Saturn V launch vehicle  u t i l i z e s  a fourth-order,  
four-segment polynomial fo r  the  guidance commands (only p i tch  plane) 
during the S-IC stage.  
follows: 
The general  form of the polynomial is as  
2 3 4 = A. + A l t  + $t + %t + A 4 t  
*P 
where the A1  are the  coe f f i c i en t s  determined from a least-square 
curve f i t  t o  the design c h i  p i tch  h i s to ry  and t is the  t i m e  from 
t i m e  base 1. 
The tilt polynomial is designed f o r  a 72-degree f l i g h t  azimuth and 
optimized fo r  a 100-nautical m i l e  e a r t h  parking o r b i t .  The poly- 
nomial was generated f o r  a mean November through April  wind. 
average February March 5 0 - p e r c e ~ t i l e  wind i s  used i n  nominal tra- 
jectory simulations f o r  the  January 31, 1971, launch. The tilt 
polynomial i s  designed t o  minimize the  angle of a t t a c k  during the  
high dynamic pressure region and a l s o  during S-IC/S-I1 separation. 
Table 
from the use of t h i s  polynonial. 
An 
19 gives the  minor-loop p i t ch  a t t i t u d e  commands r e s u l t i n g  
During the  S-I1 and S - I D  phases of f l i g h t ,  t he  Saturn V launch vehicle  
employs a scheme known as the i t e r a t i v e  guidance mode (IGM) to generate 
the guidance commands (both p i tch  and yaw). 
settings to  e s t a b l i s h  the  d e s i r e d  mission, provide information on the 
launch vehicle  c h a r a c t e r i s t i c s ,  and i n i t i a l i z e  various internal parameters 
and logic  var iables .  
This scheme requires  pre- 
The preset t ings required a r e  grouped i n t o  three  phases: 
1. Guidance preset t ings fo r  boost to ea r th  parking o r b i t .  
2. Guidance prese t t ings  f o r  t ranslunar  i n j e c t i o n  boost. 
3. Targeting prese t t ings '  o c t a l  cards.  
The boost t o  e a r t h  parking o r b i t  and t ranslunar  inject ion boost pre- 
s e t t i n g s  a r e  derived using the  l a t e s t  t r a j e c t o r y  cha rac t e r i s t i c s  tha t  
are available.  These prese t t ings  are designed t o  obta in  the  maximum 
performance and minimize d iscont inui t ies  i n  the  guidance commands . 
The BTC, TLI boost prese t t ings ,  and octal card l i s t i n g  are given i n  
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-6 . 7909 
-7 . 2187 
-7.6624 







TABLE 10 (Continued) 
TIME FROM 



































-10 . 6 249 
-11 . 1594 
-11.7024 
-12 . 2529 
-12.8104 
-13.3739 







- 18 . 0249 
- 18 . 6163 
-19.2088 
-19.8020 

















Table 19 (Continued) 
TIME FROM 










































-34 . 8492 
-35.5562 
-36,2812 
-37 . 0208 
-37 . 7731 
-38 . 5356 
-39 . 3055 
-40.0797 
-40 . 8545 
-41 . 6 249 
-42.3860 
-43 . 13 30 
-43.8602 
-44.5617 
-45 . 2311 




-48 . 0286 
-48 . 5418 
224 
TABLE 19 (Continued) 
TIME moM 
TIME BASE 1 
103 . 6 
104 .6 



































-5 0 . 4885 
-5 0.9502 
-5 1 . 4028 
-5 1 . 8465 
-52 . 2816 
-52.7084 
-53.1263 
-53 S 3 6 5  
-53 09393 












-58 . 5983 
-58.9198 
-59.2372 
-59 . 5505 
-59 . 8599 
-60.1656 
-6 0 -4673 
225 
5 
TABLE 19 f€ontinued) 
TIME FROM 




135.6 -61. 0607 
136 .6 -61 . 3526 
137.6 -6 1.6414 
138.6 -5 1.9 2 74 
139.6 -62.2105 
























-62 . 7682 
-63,0433 
-63.3159 
- 63 . 5863 
-63 . a544 
-64 . 1234 
-64 . 3839 
-64.6455 
-64,9051 
-65 . 1627 
-65.4184 
-65.6722 









-68 . 0496 
226 
FOR THE J A N  LAURCH AI iVOO?.  
ADD VALUE 
O C T A L  O C T A L  
AS-509 3 1  JAN 
0 1  5200 146 3 146 3d 
OlS201063146314 
0 1 5 20 2 7 7 1  2 5 3 2 53  
0 1 5 2 10 0 3 0'3 3 2 5 I) 6 
3 1 5 2 1  1 0 0 ~ 3 2 5 O 6  
015212024226672 
01 521?O2377O32O 
0 1 5 2 14 0 04 3 0 4 9 C 3 
0 1 5 2 1 5 0 3 5 40 40 3 3 












0 1 5 2 4 0 0 3 1 7 1 4 0 3 ~  





0 1 5 2 6 1 0 2 4 5 5 3 0 ~ 0  
01 5 262OU 030 00 2 3 
0 1 5 3 1 7  
0 16 30 L 0 i? 3 i) 0 i) 0 '3 0 
016'q1U537 14243 




0 1 60C6U 3 92 3 09 3 3 
0 1 6 0 0 7 d ~ b O * J U U 2 3  
0 16 0 l U  0 U 30 3 G 9 rj * ) 




0 1 6 0 1 5 0 3 0 0 ~ ~ 3 3 0  








0 1 6 0 120 C dU U L)O 3 L' 
VALUE FACTOR 
NAME DECIYAL SCALE 
AZO 400903UOD-31  'J 
A Z S  2.UOUOOOU-OL 0 
THTEO -2.6036610-32 il 
PA0 ~ o O ' ~ U O U L I D  ~ J J U  i) 
OVBRA 3 0 3 3 U i ) U ~ l D  0014 
DVBHB 3033233d0 3314 
FA 7r927600D-02 3 
F R  7r806707WtJ2  i~ 
TAU3RA Sa61U3CUD 3215 
TAU3R9 70C430G3D 3215 
ALFTSA 709273040-52 0 
tLFTSB 7-9259660-32 '3 
R MA 6.5649499 a623 
RNB 685680430  0623  
TSTA 6 r924720O O3J.5 
TSTB 1.2235170 0415  
D P I f l  606666670-01 3 
DYAV1 -202222220-01 3 
DROLL1 9 0 9 9 Y 9 9 Y O - O i  I) 
OPITZ NOT AVAILABLt  
OYAW2 NOT AVAILABLE 
OROLLZ NOI AVAILABLt  
T3PRA 2043U3i';OD 0 2 1 5  
T3PRB 3.35GdCJD (3215 
TD2 I o  1093620 9415  
T O 3  10374437U b415 
fSD2  2065O753D 0315 
7 1  30 
T O 1  0.0 1 5  
TSDl  1 0 1 0 9 3 6 2 0  13415 
fSD3 309 1 5  
CKS15 NOT AVA?LABLE 
TPAO O o C  1 5  
T P A l  50619C7YD 0315  
TPAZ 1.0777410 3415  
TPA3 1 0 3 7 4 4 3 7 0  0 4 1 5  
TPA4 0.3 1 5  
?PA5 000 1 5  
TPA6 O o G  1 5  
TPA7 O n I )  1 5  
TPAB 0 0 0  1 4  
f P A 9  303 1 5  
TPAlO 300 1 5  
T P A l l  d o 0  1 5  
TPA12 000 1 5  
TPA13 300 1 5  
f P " 4  0.0 1 5  
B E T A A  304389750-31 0 
C 3 A O  o l e 6 7 4 2 6 9 0  0 6 2 6  
C3A1 -106546070 0 6 2 6  
C3A2 - l a 6 3 2 8 5 6 0  3626  
C 3 A 3  -906159020 0 6 2 6  
C 3 A 4  000 2 6  
C3A5 , -  0.0 - 26 
I 
- 227 I 























































D A T E  
LAUhCH 
3 1  J A h  7 1  
3 1  J A l l  7 1  
31 JAlV 7 1  
3 1  J A f v  7 1  
3 1  JA.S 7 1  
3 1  JAS 7 1  
3 1  JA;\ 7 1  
3 1  JA'J 7 1  
3 1  JA:;r 7 1  
31 JA& 7 1  
3 1  JA.U 7 1  
3 1  JAiU 7 1  
3 1  J A i J  7 1  
31 J A 3  7 1  
31 J A 5  71  
31 JArJ 7 1  
3 1  JAN 7 1  
3 1  JA;J 7 1  
3 1  JAN 71  
3 1  JAh 71 
3 1  JAN 71 
3 1  J A Y  71  
3 1  JA#\  71  
3 1  JAN 71  . 
31 JAIL 7 1  
3 1  24p4 71 
3 1  JAh 71  
3 1  JAN 7 1  
3 1  J A %  7 1  
3 1  J A Y  7 1  
3 1  J A h  71  
3 1  ~'41'4 71 
3 1  JAN ?f 
31 JAtU 71  
3 1  JMN ? A  
31 JAI'J 71 
3 1  J A N  71 
31 JAN 7 1  
3 1  JAN 7 1  
3 1  L)Afi 7 1  
3 1  JA?I 7 1  
3 1  JAN 7 1  
3 1  JAN 7 1  
3 1  JAa 7 1  
31. JA3 7 1  
3 1  J A &  71 
31  J A N  7 i  
3 1  Jk:J 7 1  
3 1  JA.U 7 1  
31 iA lV 7 1  
41 JAP1 7 1  
3 1  JA:I ?i 
3 1  JAI\ 7 1  
C 3 A 6  3.0 26 
C 3 A 7  003 26 
C 3 A 8  9 0 0  26 
C 3 P 9  0.0 26 
C 3 A i O  000 26 
Z 3 A l l  '300 26 
C 3 A 1 2  000 26 
C 3 A 1 3  30" 26 
C 3 A 1 4  300 26 
CCSAO 9 . Y 5 8 6 6 t D 6 3 1  I) 
C O S A l  9c95j3G20d31 CI 
COSAS 9 ~ 3 5 U Y 4 1 0 - 3 1  U 
C O S A 3  9 0 9 4 7 9 3 Y O ~ O l  0 
COSAG J o g  0 
COSA5 2.i; 0 
C O S A 6  3 m 9  0 
C O S A 7  9.i;. 3 
C 9 S A 3  J O G  i) 
C O S A 9  0 0 3  0 
COSALO 300 0 
COSA;! 0.2 i' 
C O S A l Z  30;)  ij 
C C S A 1 3  3 0 3  0 
C O S A l 4  003 r) 
RASAO - 6 0 3 5 4 5 8 3 0 - 0 1  13 
R P S A 1  -60352486i.l-31 3 
R A S A Z  - 6 0 3 5 5 3 1 T D - 9 1  3 
A S A 3  - 6 0 3 5 9 ? 6 1 0 - O 1  U 
RA,CA4 r ) o U  0 
RAS!\S 300 0 
R A 5 A 6  000 0 
R A S A 7  000 0 
RASFs8 300 3 
R A S A 9  000 0 
R A S A l o  a02 3 
R A S A L l  303 0 
R A S A l 2  O o U  ij 
R A S A 1 3  309 0 
F ' A S A 1 4  300 0 
OECAC - 1 0 4 8 ~ 3 8 4 0 - i l l  0 
D E C A l  -104Y33050-J l  U 
C E C A 2  - 1 0 4 8 0 6 5 5 0 - 0 1  U 
D E C A 3  -1.4799690-01 0 
D E C A 4  300 0 
D t C A 5  0.0 0 
O E C A 6  300 0 
DECA7 0 0 O  0 
OECA8 000 0 
DEC'h- 9 e a  0 
OEC.+-.bJ U o U  0 
O E C A i l  00') 3 
P E C f ' 2  O r "  0 
DEC;t, I 0 
O E C A I  0 
ENAO .. . .dL- :G=Ul  0 
E N A l  9.*l263320-91 0 
E N A Z  9 r 7 2 Y 9 3 7 0 0 0 1  0 
ENA3 9 0 7 3 2 7 3 5 0 0 0 1  0 
ENA4 0.0 0 
E N A S  000 0 
A S - 5 9 9  
AS-509 
A S - 5 3 9  
A S - 5 0 9  
A S - 5 9 9  
AS-S3F 
A S - 5 0 9  
6.5-5;)9 
A S - 5 3 9  
AS-539 
AS-509 
A S - 5 3 3  
AS-53Y 
A S - 5 0 9  
AS,-50Y 
A S - - 5 3 9  
A S - 5 0 9  
A S - 5 0 9  
A S - 5 0 9  
A S - 5 0 9  
AS-509 
A S - 5 3 9  
A S - 5 0 9  
A S - 5 3 9  
AS- f j i l 9  
A S - 5 3 9  
4s-5.33 
A S - 5 0 9  
AS-539 




A S - 5 9 9  
A S - 5 i j 9  
A S - 5 3 9  
A S - 5 3 9  
A S - 5 0 9  
A S - 5 3 9  
A S - 5 3 9  
A S - 5 0 9  
A S - 5 3 9  
A S - 5 0 9  
A S - 5 3 9  
A S - 5 0 9  
A S - 5 0 9  
A S - 5 3 9  
A 5 - 5 3 9  
AS-SOY 
AS-SOP 
A S - 5 0 9  
A S - 5 0 9  
AS-SO9 
A S - 5 0 9  
A S - 5 0 9  
AS-SO9 
AS-50  9 
A S - 5 3 9  
AS-509 
AS-509 
3 1  JA:~ 7 1  
31 JArw 7 1  
31 J A X  7 1  
:L JAI'J 7 1  
3 1  JArJ  7 1  
31 J A h  I1 
3 1  J A k  7 1  
3 1  JAlr i  7 1  
3 1  J A 3  7 1  
3 1  JA.\ 7 1  
3 1  JA;; 7 1  
3 1  JA;J 7 1  
3 1  J A N  7 1  
31 JA?; 7 1  
3 1  JA,! 7 1  
3 1  JAi: 7 1  
3 1  J A X  7 1  
3 1  JA;i 7 1  
3 1  J A R  7 1  
3 1  J A X  7 1  
3 1  J A A  7 1  
3 1  J A N  7 1  
3 1  J A V  7 r  
3 1  J A ' i  7 1  
3 1  JA?t 7 1  
3 1  .JAA 7 1  
3 1  JA.'. 7 1  
3 1  J A A  7 1  
31 J A h  7 1  
31 J A X  7 1  
3 1  J A i J  7 1  
3 1  J A \  7 1  
3 1  JA.'i 7 1  
3 1  JkH 7 1  
3 1  J A %  7 1  
3 1  JA:; 7 1  
3 1  J A N  7 1  
31 JA:< 7 1  
3 1  J A N  7 1  
3 1  J A A  7 1  
31 3A:b 7 1  
3 1  J A N  7 1  
3 1  J A N  7 1  
3 1  J A h  7 1  
3 1  J A N  7 1  
3 1  JA& 7 1  
3 1  J A N  71 
3 1  JAlV 7 1  
3 1  J A N  7 1  
3 1  J A S  f l  
3 1  J A h  7 1  
3 1  JAN 71  
3 1  JAa 7 1  
3 1  J A N  7 1  
3 1  J A N  7 1  
3 1  J A N  7 1  
3 1  JAN 7 1  
3 1  JAh 7 1  
3 1  JAiV 7 1  
3 1  J A N  71 
220 
- -  
0 16 126 ti 2 : .jG j 9 G L  
01 6 127ilo C)dOl) i )  J 3 
016 130UU 0003~11~  3 
016 1 3  iOUQ'33dUO ij 
016133UOU~03333 
016134Ll90UddUdCl 
016 135UOdGduU JC 
016136UOdd0O~~dO 




















0 1 6 1 6 5 0 0 3 3 3 0 0 ~ 2  
0 16 16609 00093 9 3 
0 16 16 7 0 c! 09 0 3 U U 3 
016 17000000 03 3 2 
0 16 1 7 10 3 3 30 i 0 d 2 
3 1 6 1 7 2 0 0 3 ~ d 3 3 3 3  
016173003090033 
0161740030030d3 





0 16 2 0 3 3 i'6 4 2 3 42 0 
0 16 2 0409 0'12 3Ui)i) 
0 16 2 0 5 00 00 0 O ! )  3 I )  
0 16 206 U O  0: 10 V U  .J J 
u-b r d L u r u v r  -- - w 
0 1 6 1 5 0 O w d 3 w  JL 
0 16 20 7 0 0  3GO t13J 3 
0 16 2 1 OU 0 0 U *3 OU i) U 
016211000tJ300u3 
0 1 6 2 1 2 ~ 0 0 0 3 0 0 ~ i l  
01621300003~UOO 
0 1 6 2 1 4 U O O U O O O U ~  
016 2 1500 3 30i)U 2 9 
0162160000U3300 
016220535305 5 2 6  
016221535241014 
016222535 l 4 7 w i 3  
01621553S100132 
016224030000333 
E R A 6  0.U 0 
E N A 7  0.i) 0 
E N A 8  300 0 
ENA9 300 0 
E N A  - - 0 -  - 
ETJA11 l).U c1 
€':A12 0.0 3 
E Y A l 3  009 0 
EXA14 '3.0 0 
TPBd 90'3 13 
TPBl  So61Y379U U 3 1 5  
TPY2 1.0777'+1U 0 4 1 5  
TPR3 1.3746370 0415 
TP54 0.9 1 5  
TPHS 0.0 1 5  
TPB6 0.0 15 
TP87 0.3 1 5  
TpB8 3.C 15 
TP89 OoG 1 5  
TPB13 3.3 15 
T P B l l  3.0 1 5  
T P ~ ~ Z  3.0 15 
fPB13 0.0 15 
TPBl4  00; 1 5  
H E T A B  30376963D-Ul 3 
C393 -1ob53<1930 3620 
C381 -1.6277650 0626 
C332 -1.6031830 3625 
C383 -1.5844060 9626  
C3B4 0.9 26  
C3B5 0.0 26 
C306 '1.0 26  
c 3 3 7  d o 0  2 6  
C3Bd 300 26  
C3B9 doh 26 
c3a ia  3.3 2 6  
C 3 B l l  d o 3  2 6  
C3P12 300 26 
C3B13 J.9 26 
C3814 3.0 26 
COSSO 9.9559280-31 9 
COS81 9.Y51091U-31 3 
COS62 909456940-31 G 
COS03 9.9426680-01 0 
COS34 r l . 0  0 
cosas r).o 0 
COSR6 3.0 u 
COSB7 3.0 0 
COS56 010 . 0 
COSBY 3.C 0 
COSBlJ S o 0  0 
C3SB11 019 3 
COS612 0.0 0 
COS913 ( l a 3  u 
COSBl4 309 0 
RASBO -6.3521070-01 6 
R A S B 1  -603549CI30-31 'J 
R A S 9 2  -6035932YO-31 3 
RASB3 -6.3622910-31 3 
RASB4 003 . 0 
I 229 
AS-539 
A S - 5 0 9  
A S - 5 0 9  
AS-SC9 
AS-1, 









A S - 5 0 9  
AS-599 
AS-509 
A S - 5 0 9  
A S - 5 3 9  
AS-539 
A S - 5 2 9  
6.5- 5 0 9 
AS-539 
A 5- 5 3 9 
AS-Si IY 
45-539 
A S - 5 3 9  
AS-539 
AS-539 
A S - 5 3 9  
A S - 5 3 9  
AS-509 
AS-539 











A S - 5 3 9  
AS-SOS 
A S - 5 3 9  
A S - 5 3 9  
AS-SOY 
AS-509 
A S - 5 3 9  
45-509 
A S - 5 3 9  
A S - 5 3 9  
AS-539 
A S - 5 3 9  
AS-529 
AS-53Y 
A S - 5 3 9  
A S - 5 3 3  
3 1  JAIU 7 1  
3 1  i A N  7 1  
3 1  JAlri 7 1  
3 1  JAlV 7 1  - _  JAW t 
3 1  JArJ 71 
3 1  J A &  7 1  
3 1  JAI'd 7 1  
3 1  J A N  7 1  
3 1  J A N  7 1  
3 1  J A N  7 1  
3 1  JAlY 7 1  
31 JA:d 7 1  
3L J A N  7 1  
3 1  JA' i  7 1  
3 1  JAFi 7 1  
3 1  J A X  7 1  
3 1  J A N  7 1  
3 1  J A A  7 1  
3 1  J A Y  7 1  
3 1  JA.'\ 71 
3 1  JA;4 7 1  
31  J A %  7 1  
31 Jki4 7 1  
3 1  JA?; 7 1  
3 1  JA;I 7 1  
3 1  JA'\  7 1  
31 JA:; 7 1  
3 1  J.41: 7 1  
3 1  J A X  7 1  
3 1  J A 3  71 
3 1  J k Z  7 1  
3 1  JA;; 7 1  
3 1  J A S  7 1  
3 1  JA;$ 7 1  
51 J A S  7 1  
3 1  JAr; 7 1  
3 1  Jk;4 7 1  
3 1  J A h  7 1  
3 1  J A N  7 1  
3 1  JA.4  71 
3 1  JAfd 7 1  
3 1  JAP! 7 1  
3 1  J A G  3 1  
3 1  JA?, fl 
3 1  J A %  71 
3 1  JA;\ 7 1  
3 1  J A A  7 1  
3 1  J A I i  7 1  
3 1  J A N  7 1  
- 3 1  J A h  7 1  
3 1  JAtd 7 1  
3 1  J A h  7 1  
3 1  JA;4 7 1  
31 JA'b 7 1  
3 1  JA:V 7 1  
3 1  J A A  7 1  
3 1  JA:i 7 1  
3 1  JR', 7 1  
3 1  JAIL 7 1  
0 16 2 2 5 J 2 0,iC: U J 5 d 
ti 16 22622 J 3 i ;  v JJ j 
0 16 2 2 7 u 9 d!J 0 ij9 J 3 
0162303203GCJJ i  
C 16 2 3 1 u ,J -3 2 3 J U i; 3 
0 16 2 3 2 0 3 Ud J 3 t, .J 3 
0?6233C3d;)G3$ J 2  
0 16 2 341;:) J X  3 3  2 3 







0 1 6 2 4 5 0 0 5 3 0 3 0 ~ 3  
0 16 24SOJ ddi iv3  l d  
0 16 2 47 iJ 3 c) 3V 3 Ij J 3 
0 16  2 53 G 0 3 ~ 1 0  3U 2 3 
0 16  2 5 1 O:? 2.9 3 3 C ;i 0 
01625ZOOOOCGO55 
0 1 6 2 5 3 0 0 d 3 ~ 3 0 3 ~  
016254GC3390333 
0 1 6 2 5 5 L U 3 3 3 ~ U i 3  





0 16  2 646 3 3 30 00 3 3  
0 16  266 iI0 3 0 0 3 0 'J :3 
0 16 2 6 7 313 333 i) 0 L' J 




0 16 2 75 U 3 00 3 J O 3  0 
0 16  2 76 0 9 03 C.! 3 0 3 3 
01630~1146324U73 
01630 102 7305 260 
016302776'23432 
0 16  30 3 7 7 5 34  15 16  
0 16 3 040 C 4  36 3 3 .j S 
016305126526374 
316306083i lud) i )~JU 
0163 10 i 76020 344  






r) 16 3 2 1000'3U U 3  0 0 
Ol632200U30d030 
0 1 6 3 2 3 0 0 3 ~ ) ~ d 0 3 3  
0163240OOoJ!Xl J O  
O l 6 3 2 5 d U d U ~ 2 u d 3  
016347 
0162a%UOJdOCiJ~iJ 
0 16  2 72 0 30 3U G L1.L .;) 
AS-509 3 1  JA'h 7; 
AS-509 3 1  J A * \  71 
AS-509 3 1  JA.4 7 1  
45-539 3 1  JA.4 71 
AS-509 3 1  J A h  7 1  
AS-539 3 1  J A N  71 
AS-509 3 1  J A V  7 1  
AS-509 31 JA:4 7 1  
AS-509 3 1  JA:J 7 1  
AS-509 3 1  J k h  . i L  
AS-539 31 J A q  7 1  
AS-599 3 1  J A L  7 1  
AS-539 3 1  J A %  7 1  
AS-5a9 3 1  JA\:  7 1  
AS-539 31  JA:; 7 1  
AS-a39 3 1  J A Y  7 1  
A5-539 3 1  J A X  7 1  
A5-509 3 1  J A %  7 1  
AS-539 3 1  JAN 7 1  
AS-509 3 1  JA.'; 7-1 
AS-539 3 1  J A %  7 1  
AS-509 3 1  JA;i 7 1  
A5-53? 3 1  J A %  7 1  
A S - 5 0 9  31  JA;* ? l  
AS-SOY 3 1  J A h  7 1  
AS-51)9 31 J A G  71  
AS-539 3 1  JAhi 7 1  
AS-509 3 1  J A N  7 1  
A5-5Cl9 3 1  J A X  71 
AS-SG9 3 1  J A A  7 1  
AS-539 3 1  J A S  ?l 
AS-509 31 JA.3  11 
AS-599 31 J A N  71 
AS-509 3 1  JA?4 f l  
AS-509 3 1  JAa 71 
AS-509 3 1  .JAN 7 1  
AS-509 3 1  JAiJ 7 1  
AS-509 3 1  J A N  71 
AS-539 31 JA.'. 7 1  
AS0509 3 1  JAa.4 7 1  
AS-509 3 1  JAtb 71 
AS-SOY 3 1  J A f i  7 1  
AS-539 3 1  JAN 7 1  
AS-539 3 1  JAIu 7 1  
AS-5JY 31  J A N  71 
AS-509 31 JAa 71 
AS-509 3 1  J A N  7 1  
AS-SOS* 3 1  J A X  7 1  
AS-539 3 1  J A M  7 1  
45-539 3 1  JA:i 7 1  
AS-539 3 1  JAlU 71 
AS-539 3 1  J A N  7 1  
A S - 5 3 9  3 1  JK4 7 1  
AS-509 31 JAh 7 1  
AS-509 3 1  J A N  71 
A S - S O 9  3 1  .JA:.I 71 
A S - 5 0 9  31 J A Q  f 1  
AS-539 3 1  JA.4  7 1  
AS-539 3 1  JAfi4 7 1  
AS-539 3 1  J A Y  71 
231 
TABLE 21 
SUMMARY OF AS-509 B-7 TAPES 
Launch Date Azimuth/ ( F i l e 1  Tape Number* 
113 117 1 72.0669/(  1 - 9 )  39446 
1/31/71 80.0085/( 1-9) 33633 
113 11 7 1 88.0308/( 1 - 9 )  32283 
1/31/71 95.9984/(1-9) 7240 
All tapes contain da ta  f r a n  boost t o  TLI + 150 seconds 
including both opportuni t ies .  
according to  the folluwing fonnat: 
Each taps is arranged 
F i l e  1 
File 2 
File 3 
F i l e  4 
File 5 
F i l e  6 
F i l e  7 
File 8 
File 9 
B o o s t  da ta ;  S-IC 
Boost data;  S-I1 
Boost data ;  S-IVB first b u m  
EPO first opportunity 
TLI first opportunity 
Pos t-TLI first opportunity 
EPO second opportunity 
TLI second opportunity 
Post-TLI second opportunity 
* These are copies of the  ones given i n  Referencel .  
?32 
TkBLE 21 (Continued) 
SUMMARY OF AS-509 PRESET AND TRIM TAPES FOR THE JANUARY 31 LAUNCH 
MSFC Tape Number Camnents 
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KEY EVENT NOMENCLATURE 
1 r i n  t out Symbo 1 
TB 1 
Mach 1 
W Q  
S-IC CECO 
s-IC a c o  
TB3 
S-IC/S-II Sep 
S - I1  Engine S t a r t  
S - I1  Mainstage 
I n i t i a t e  IGM 
S- I1  CECO 
S-I1  OECO 
TB4 
S-II/S-IVB E q z r a t i o n  
S-IVB Engine S t a t  
S-IVB Maim :age 





02/1-12 Burner On 
E8 Engine Off 
Ullage Igni t lon  
J-2 F-L Ini 
Trajectory Key Event 
Time Base 1 
Mach One 
Maximum Dynamic Pressure 
S-IC Center Engine Cutoff 
S-IC Outboard Engine Cutoff 
Time Base 3 
S-IC/S-II Separation 
S-I1 Engine S t a r t  
S - I1  Engine Mainstage Thrust 
I n i t i a t e  IGM 
S - I 1  Center Engine Cutoff 
S - I I  Outboard Engine Cutoff 
Time Base !+ 
S-IIJS-IVB Separation 
S-IVB Engine Star t  
S-IVB Engine Mahstage Thrust 
S-IVB Ullage Rocket J e t t i s o n  
S-IVB Guidance Cutoff Signal 
Time Base 5 
Earth Parkirg Orbit  Inser t ion  
Time Base 6 
H e l i u m  Heater On 
E8 Engine Off 
APS Ullage Igni t ion  
5-2 Fuel Lead I n i t i a t e d  
A-5 







End of doast 
TABLE A-2 
KEY EVENT NOMENCLATURL 
Trajectory Key Event 
Ullcge Cutoff 
S-IVB Reigriition 
S-IVB Engine Mainstage Thrust 
IGM In i t ia te  
S-IVB Guidance Cutoff Signal 
Trans lunar Inject ion 
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0 - 0 0  0 
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o a ~ l l l r a s o  
I U Y  I 
O W O f - - O  o a z ~ r  0 
0 - o a w  0 
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DEAD STAGE TR&JECToRY PAIULEETER DEFINITI- 
Printed 







Position vector cxnnpomts. 
R km Position vector magnitude.* 
lkclination.* 
Right ascension.* 






VE Wsec R e l a t i v e  velocity vector magnitude.* 
Relative flight-path angle.- 
Relative a t h t h . *  
* Inertial geocentric polar coordinates. 
























TABLE B-1  
DEAD STAGE TRAJECTORY PARAMETER DEFINITILNS 
Defini t ion 
Components of moon veloc i ty  
vector  (Geocentric , ) 
2 
Radius vector  magnitude. 
Declination.* 
Right ascension. 
Right ascension of moon w r t  t he  
Greenwich meridian, 
Velocity vector  magnitude. 
2 
2 
Greenwich hour angle . 
Posi t ion vector  components of 
t he  sun (Geocentric), 
3 Right ascension , 
Right ascension of the  M wrt 
t h e  Greenwich meridian. 3 
Declination . 3 
Geocentric polar  coordinates of t he  moon. 
Geocentric polar coordinates of t he  sun, 
1 
Keplerian @cula t ing  Elements 
SMA km Semi-ma jor axis. 
Ecc 




Eccentr ic i ty .  
Inc l ina t ion  of vehicle  f l i g h t  plane t o  
the  ea r th ' s  equator ia l  plane. 
Right ascension of ascending node. 
Argument of per icenter  vector.  
















TABLE B - 1  (CONTINUED) 











Defini t ion 
Excess hyperbolic ve loc i ty  f o r  a hyperbola 
or the  cu r ren t  escape ve loc i ty  d e f i c i t  for 
an e l l i p s e .  
Right ascension of ascending node measured 
from t he  X-axis of t he  EMP coordinate  system. 
Argument of per icenter  vector r e l a t i v e  t o  
t h e  earth-moon plane. 
I n c l i a a t i o n  of t he  vehic le  r e l a t i v e  t o  t h e  
earth-moon plane. 
Apocenter radius.  






~ a x i m u m  t r u e  anoraaly. 
Components of the unit angular rmnusntum 
vector  of t h e  f l ight  plane. 
m o n e n t a  of unit pericenter  vector. 
"Ampoaents of the unit v e l o c i t y  vector 







TABLE B - 1  (CONTINUED) 
DEAD STAGE TRAJECTORY PARAMETER DEFINITION 
uni :s -- 














DDZI b / a e c  
DDY I b / S e C p  
RTB km 
RDTB Wsec 
ACC Wsec 2 
Definition 
Components of uni t  vector of 
outgoing asymptote. 
Vehicle posit ion vector components 
based on the two-body reference 
conic 
Vehicle velocity vector components 
based on the  two-body reference 
conic 
Components of vehicle position 
vector 
Canponents of vehicle velocity 
vector, 
Components of vehicle acceleration 
vector. 
mo-body posit ion vector magnitude. 
mo-body veloci ty  vector magnitude. 
Magnitude of vehicle acceleration vector. 
B - 4  
TABLE B - 1  (CONTINUED) 
DEAD STAGE TRAJECTORY PARAMETER DEFINITIONS 
Printed 
Svmbol Units De f in2 ti on 
Perturbation Accelerations 
Components of acceleration vector 2 SPX km/sec2 
SPY km/sec2 due t o  the presence of non-central 
SPZ km/sec bodies 
2 ENX km/sec2 
ENY km/sec2 components (Wel l )  or Encke 
ENZ km/sec acceleration, 
2 DGX km/sec2 
DGY W S e C g  vector components, (Not used) 
DGZ Wsec 
ATX 
ATY km/sec2 components , 
AT2 km/sec 
Moon non-spherical potent ia l  TRX 
TRY km/sec2 acceleration vector components 
TRZ km/sec \‘printed only i f  the moon is 
Centra 1-body acce lerat ion vector 
Atmospheric drag acceleration 




Earth non-spherical potent ia l  OBX 
my Wsec2 acceleration vector components 
OB2 km/sec (printed only i f  the ear th  is 
reference body), 


















TABLE B - 1  (CONTINUED) 
DEAD STAGE TRAJECTORY PARAMETER DEI'INITIONS 
Definit ion 
Velocity vector components. 
1. Radius vecto magnitude. 
Right ascension. 
Declination . 1 
Flight-path angle. 9 Velocity vector m a  nitude.  1 
Azimuth. 
b e r  t i a l  se lenocent r ic  polar  coordinates . I 
















Selenographic pos i t ion  vector 
components. 
Se lenographic ve  l o c i  t y vector 
components. 
Alt i tude 2 
2 Latitude.  Longitude . 
Relative ve loc i ty  vector mayitude. 
Relative f l igh t -pa th  angle. 
Relat ive azimuth. 
2 
Lati tude selenographic 
Longitude Subsolar point 
Lat i tude Selenographic 
Longitude Subearth point  
Dec l i n a  ti on sun's loca t ion  w r t  
Right Ascension EMP coordinate system 







TABLE B-1 (CONTWJED) 
DEAD STAGE PRAJBCTORY PARAMETER DEFINITIONS 
Units - DC? Pinition 
Selenographic inclination of the 
vehicle flight plane. 
Selenographic longitude of 
acending node. 
Selenographic argument of 
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